Hepatocellular carcinoma (HCC) is still one of the leading causes of death worldwide, and HCC prevention is a major public health issue. Hepatitis B (HBV) and C virus (HCV) infections are believed to be the most important risk factors for HCC. Despite a nationwide HBV vaccination program, which has existed in Taiwan since 1984 and has already shown a reduction in HBV infection and the incidence of pediatric liver cancer,[@b1] subjects aged 40 years or older who were born before the nationwide vaccination program are not protected by earlier vaccination. Secondary prevention by screening is thus considered an alternative approach to controlling HCC mortality. This is particularly important because the early detection and treatment of HCC improves the chances of survival.[@b2],[@b3]

In the 1990s, a two-stage screening program for HCC was adopted in Taiwan. Attendees were given serological examinations as an initial screening step. Those positive for hepatitis B surface antigen (HBsAg) or anti-HCV antibodies, alpha-fetoprotein (AFP) ≥20 ng/mL, aspartate transaminase (AST) ≥40 IU/L, alanine transaminase (ALT) ≥45 IU/L, and a family history of HCC were identified as high risk and referred for ultrasonography. In the group identified as high risk, there was a 41% mortality reduction among those attending ultrasonography screenings compared with nonattendees.[@b4] Later, to enhance the attendance rate, a two-stage screening program was integrated with screens for other neoplastic and nonneoplastic diseases.[@b5] However, a proportion of patients with HCC do not express the five markers listed above. For example, patients with type 2 diabetes[@b5],[@b6] or low platelet counts[@b7] have an increased risk for HCC compared with those in the normal range.

To control HCC on a population scale, rather than focusing on high-risk individuals, abdominal ultrasonography (AUS) of the general population may be useful. However, applying universal ultrasonography screening to the general population may not be efficient because detecting HCC is highly dependent on the extent of an individual\'s risk for HCC. Attendees who participate in the early population-based screening service often belong to a low-risk group, and the screening results are thus heavily biased in a favorable direction in the early phase. To design an efficient population-based AUS screening program, it is important to consider a risk score-based approach for inviting eligible community residents.

The current study was designed and implemented to assess the effectiveness of reducing HCC mortality using risk score-guided mass ultrasonography screening for HCC based on a program designed and implemented in Changhua County, Taiwan, in October 2008.

Materials and Methods
=====================

Study Population
----------------

A community-based mass screening for HCC with AUS was designed and targeted at community residents aged 45-69 years in the Changhua County of central Taiwan, a county with a high incidence of HCC. Before the mass HCC screening with AUS, this county had conducted a community-based integrated screening program, the Changhua Community-based Integrated Screening (CHCIS) program, since 2005. The CHCIS program is similar to the Keelung Community-based Integrated Screening (KCIS) program in northern Taiwan, which screens for liver cancer and other neoplastic diseases (breast cancer, colorectal cancer, oral cancer, and cervical cancer) and nonneoplastic diseases (hyperlipidemia, hypertension, and hyperglycemia).[@b5],[@b8] We had adopted a two-stage screening program for HCC that was previously used in the CHCIS program prior to October 2008, when mass screening with AUS was conducted. The details of the two-stage approach have been fully described elsewhere.[@b4] Briefly, subjects who were positive for the HBsAg or anti-HCV antibody or who had high alpha-fetoprotein (≥20 ng/mL), AST (≥45 IU/L), and ALT (≥45 IU/L) levels were referred for ultrasonography performed by gastroenterologists in hospitals or clinics. Note that the information on these five biomarkers (generated from the two-stage approach) together with low platelet counts and type 2 diabetes, which are also regarded as significant risk factors for HCC[@b6],[@b7] and were obtained from diabetes screening and routine biochemical tests in the CHCIS program, were used to derive the risk score that enabled us to invite eligible candidates to attend the mass screening for HCC AUS; the invitation scheme was prioritized by individual HCC risk score.

Figure [1](#fig01){ref-type="fig"} shows a total of 41,412 community residents aged 45-69 years who had been invited and attended the CHCIS program between 2005 and September 2008. An outreach service screening for HCC has been initiated and provided for 41,412 eligible residents aged 45-69 years since October 2008 by inviting them to the local health center to undergo AUS delivered by board-certificated gastroenterologists.

![Protocol of AUS screening in Changhua County.](hep0059-1840-f1){#fig01}

The eligible population invited to undergo AUS comprised 41,219 community residents after excluding deaths and those individuals who were diagnosed with HCC prior to being invited to undergo AUS among the 41,412 residents participating in the CHCIS program.

Study Design for Mass Screening
-------------------------------

A total of 11,114 (out of 41,219) residents were invited to undergo AUS through the end of 2010. This group was called \"the invited AUS group,\" which consisted of 8,962 attendees receiving AUS (the AUS group) and 2,152 nonattendees who did not receive AUS (the non-AUS group) ([Fig. 1](#fig01){ref-type="fig"}). There were two comparison groups for the invited AUS group in the subsequent analysis of the efficacy of the AUS. A total of 329,301 community residents aged 45-69 had not attended the CHCIS program and were not invited to undergo AUS but resided in Changhua during the same period as the invited AUS group; they were categorized as the first comparison group: "the uninvited AUS group." The other comparison group was obtained from 2003, the year before the introduction of the CHCIS program, and was defined as \"the historical control group.\" All participants provided written informed consent. The Ethics Committee / Institutional Review Board of Shin Kong Wu Ho-Su Memorial Hospital approved the study (No. 97E-044).

Derivation and Validation of the Risk Score for Predicting HCC
--------------------------------------------------------------

For efficient completion of the AUS screening, we gave priority to inviting community residents in accordance with the HCC risk score for each screened subject. The derivation of the risk score for predicting HCC was based on participants in the KCIS program between 1999 and 2002, which targeted residents aged 20 years and older in Keelung City, Taiwan. As previously mentioned, a two-stage biomarker-ultrasound method was adopted for HCC screening in the KCIS program. Predictors used in deriving the risk score and the outcome of HCC ascertained after follow-up of the entire cohort were collected. A total of 99 patients with HCC were identified out of 44,125 participants in the KCIS program with full information on predictors. These empirical data were used for training the clinical weight of each attribute (trained dataset). The data used were baseline covariates taken from participant attendance in the first screen. Internal validation with the trained dataset from the KCIS program was performed by comparing the observed numbers with the expected ones using the Hosmer and Lemeshow (H&L) goodness-of-fit test and the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. To further validate the adequacy of the proposed model, we also performed external validation with the validated dataset based on the current CHCIS cohort. A total of 40,620 subjects between the ages of 45 and 69 were the target population, from whom 28 HCCs were diagnosed with the two-stage screening program; 16 additional confirmatory HCCs were identified with the ultrasonography mass screen.

Risk Score-Guided Invitation
----------------------------

Based on the risk score assigned to each participant, we invited eligible subjects with a referred risk score, which were divided into four groups. Because positive HBsAg and anti-HCV are two dominant risk factors for HCC, we classified the eligible subjects into two groups: subjects positive for HBsAg or anti-HCV (Group A) and subjects free of these hepatitis virus infections (Group B). The risk scores were therefore stratified into these two groups. In each group we computed the risk score using information on age, gender, biochemical test results, and diabetes mellitus, collected from the CHCIS program. For time-dependent biomarkers such as AST, ALT, AFP, and platelets, the most recent results were used. The risk scores for the two groups were calculated as follows:

where each beta represents the clinical weight (regression coefficient) for each predictor.

Given the risk scores, the priority for an invitation to undergo AUS was taken by four groups. Subjects in Group A were divided into extremely high-risk and high-risk groups based on whether their scores were above or equal to and below the median risk score in Group A, respectively. The risks in Group B were classified as intermediate- and low-risk based on scores above or equal to and below the third quartile of the risk score, respectively. Note that the classification of risk groups based on the risk score was tailored for the priority of invitation with efficiency and not for HCC screening. The cutoff was simply used to set priority for the invitation groups. Therefore, the selection of the median for Group A and the third quantile for Group B was arbitrary to enable feasibility of invitation priority.

Invitation Scheme
-----------------

We invited the subjects to have an AUS performed by prioritizing invitations based on the risk score calculated above with a phased in approach. In the first period (Oct. 2008 to about Jan. 2009), the eligible population was derived from those residents attending the CHCIS between 2005 and 2007. Among 26 townships, the invited subjects in each town consisted of 60 patients with the highest score selected from those who were screened within an interval of 2-4 weeks between October 2008 and January 2009. During the second period (Feb. 2009 to about Mar. 2009), the eligible population was generated from CHCIS attendees in 2008. Each town was given the list of the 40 highest scores and the 41-90 highest scores between February and March. In the third phase (Apr. 2009 to about Dec. 2010), invitations targeted Group A because Group B had a lower incidence of HCC cases.

Clinical Surveillance and Confirmatory Diagnosis of HCC
-------------------------------------------------------

After the scheduled on-site ultrasonography screening, suspected HCC cases and subjects with abnormal findings, as judged by the gastroenterologists, were referred to medical centers or regional hospitals in Changhua County to confirm HCC. All confirmatory HCCs were confirmed with biopsies or dynamic imaging studies with computerized tomography (CT) or magnetic resonance imaging (MRI). HCC diagnoses were made in accordance with the American Association for the Study of Liver Diseases (AASLD) practice guidelines.[@b9] Hepatic hemangiomas were recognized with typical echogenicity in ultrasonography and characteristic dynamic enhancement CT or MRI images. The focal liver lesions with undetermined diagnosis were classified as liver nodules and scheduled surveillance was assigned to patients with these lesions. All medical records of patients with abnormal ultrasonography findings (cirrhosis, liver parenchyma disease, focal liver lesions) were reviewed by clinical committees in the Changhua County Public Health Bureau. The standard of care and clinical surveillance for people with abnormal findings were also evaluated by clinical committees. The surveillance data were reviewed and monitored at 3- to 6-month intervals after the initial screening. Case managers (public health nurses) were informed to enhance adherence to the clinical surveillance plan when necessary. All referred cases were recommended to undergo clinical surveillance with the different intervals determined by gastroenterologists in medical centers or clinical committees in the Changhua County Public Health Bureau. The protocol and flow chart for the Changhua County ultrasonography screening program are shown in Figs. [1](#fig01){ref-type="fig"} and [2](#fig02){ref-type="fig"}, respectively.
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Operator Reliability
--------------------

To assess the reliability of the AUS operators, we selected 35 attendees distributed across two sessions of ultrasonography screenings. In each setting, every participant was independently screened by two gastroenterologists; one was the routine operator for the current project, and the other was a senior gastroenterologist who was also a member of the clinical committee (gold standard) in the Changhua County Public Health Bureau. Among 35 examinees, the kappa coefficients for HCC and liver cirrhosis were both 1.00, which may have been due to chance, resulting from only two sparse cases. When we included nodules, hemangiomas, liver parenchymal disease, and hepatic cysts, the kappa value was reduced to 0.47 (95% confidence interval \[CI\]: 0.18-0.76), which was still within the acceptable range.

Statistical Analysis
--------------------

The coverage rate percentages for the ultrasonography screening of the eligible population and the attendance rate for those invited by groups were determined. The detection rates by different findings are presented as the number of cases detected per 1,000 attendees.

To estimate the efficacy of abdominal screening without being subject to selection bias, the HCC cumulative mortality of the invited AUS group was compared with that of the uninvited AUS group, and the corresponding comparison of the HCC cumulative mortality between the invited AUS group and the historical control group was also performed. The detailed methodology, which takes into account different risk groups, is provided in the Supporting Material (eAppendix). The HCC cumulative mortality was compared between the attendees (the AUS group) and nonattendees (the non-AUS group) to reflect the efficacy of the actual AUS screening versus nonscreening. Because the latest information in the National Mortality Registry was available only through the end of 2009, ∼15 months after the inception of our ultrasonography screening, we plotted three curves for the 15-month cumulative mortality by comparing the CHCIS intervention group (including the AUS and non-AUS group from Oct. 2008 to Dec. 2009) with the two comparison groups, including the non-AUS group (from Oct. 2008 to Dec. 2009) and the historical control group (subjects selected before CHCIS; from Oct. 2003 to Dec. 2004). We also plotted two curves for the 15-month cumulative mortality by comparing the AUS (attendees) and non-AUS groups (nonattendees) to determine the benefit of actual screening. All statistical analyses were performed using SAS software (v. 9.2; SAS Institute, Cary, NC).

Results
=======

Clinical Weights for the HCC Risk Score
---------------------------------------

We used a multivariable logistic regression to train the clinical weights (regression coefficients) for the HCC risk score with the trained dataset based on the KCIS cohort. As mentioned in the Materials and Methods section, the computation for the risk score was stratified into two groups: Group A with subjects positive for either HBsAg or anti-HCV and Group B with subjects free of the two hepatitis virus infections. Initially, we included age, gender, type 2 diabetes, AST, ALT, and platelet count in the models to estimate the adjusted odds ratio for each risk factor in both groups. However, AST (*P* = 0.1404) and type 2 diabetes (*P* = 0.4900) were not statistically significant in the full model for Group A, and age (*P* = 0.0996) and ALT (*P* = 0.4067) were not statistically significant for Group B. Therefore, we excluded AST and type 2 diabetes for Group A and ALT for Group B but retained age, given that the incidence of HCC increases with age to derive the risk score for HCC. The results of the estimated clinical weights based on the trained dataset are given in Table [1](#tbl1){ref-type="table"}. The formula for the HCC risk score for Groups A and B are shown in the footnote of Table [1](#tbl1){ref-type="table"}.

###### 

Estimated Regression Coefficients (Clinical Weights) for Deriving the HCC Risk Score by Using the Trained Dataset From the KCIS Program

  Variables                               Group A[\*](#tf1-1){ref-type="table-fn"}   Group B[†](#tf1-2){ref-type="table-fn"}                                
  --------------------------------------- ------------------------------------------ ----------------------------------------- ---------- -------- -------- --------
  Age                                     0.0474                                     0.0099                                    \<0.0001   0.0358   0.0223   0.1079
  Gender (Male vs Female)                 1.2878                                     0.2634                                    \<0.0001   1.3580   0.6638   0.0407
  Type 2 diabetes                         ---                                                                                             1.4340   0.5757   0.0128
  AFP (≥20 vs \<20 ng/mL)                 2.8922                                     0.2746                                    \<0.0001   ---               
  AST (≥45 vs \<45 IU/L)                  1.1934                                     0.2701                                    \<0.0001   ---               
  ALT (≥45 vs \<45 IU/L)                  ---                                                                                             1.3124   0.6219   0.0348
  Platelet count (\<150 vs ≥150× 10^3^)   1.3033                                     0.2644                                    \<0.0001   2.0298   0.5962   0.0007

Risk score for Group A = −9.1940 + 0.0474 × Age + 1.2878 × (Male) + 2.8922 × (AFP ≥20 ng/mL) + 1.1934 × (AST ≥45 IU/L) + 1.3033 × (Platelet count \<150 × 10^3^).

Risk score for Group B = −11.7821 + 0.0358 × Age + 1.3580 × (Male) + 1.4340 × (type 2 diabetes) + 1.3124 × (ALT ≥45 IU/L) + 2.0298 × (Platelet count \<150 × 10^3^).

Validation of the HCC Risk Score
--------------------------------

The goodness of-fit results show the lack of a discrepancy between the observed and expected cells in the trained data (KCIS) (*P* = 0.2399 for Group A, and *P* = 0.2593 for Group B) and the validation data (CHCIS) (*P* = 0.5017 for Group A, and *P* = 0.5937 for Group B) (see the eAppendix Table A2). Figure [3](#fig03){ref-type="fig"} also shows the ROC curves for internal and external validation. Because the AUC values were 0.961 (95% CI: 0.939-0.983) for the trained dataset (KCIS) and 0.960 (95% CI: 0.932-0.988) for the validated dataset (CHCIS), the predictive validity of our proposed model was adequate.

![The ROC curves for KCIS used to train the risk score and the external validation dataset with CHCIS.](hep0059-1840-f3){#fig03}

Invitation and Attendance
-------------------------

A total of 41,412 subjects aged 45-69 years who attended the CHCIS program between 2005 and September 2008 were included as the eligible population. After excluding 193 subjects who died or were diagnosed with HCC before AUS screening, 41,219 subjects were eligible for the study. The risk frequency among the eligible screening participants was 9.1% (3,754/41,219) for the extremely high-risk group, 8.9% (3,674/41,219) for the high-risk group, 21.8% (8,975/41,219) for the intermediate-risk group, and 60.2% (24,816/41,219) for the low-risk group. The number of eligible subjects increased with age among the extremely high-risk and intermediate-risk groups, and it decreased among the high-risk and low-risk groups.

Of the 41,219 potential participants, one-quarter of the eligible population (n = 11,114) was invited for AUS screening between October 2008 and December 2010 based on the invitation scheme described above because of the limited clinical capacity of ultrasonography. Because the high-risk groups were our first priority, the coverage rate was highest among the extremely high-risk (95.0% = 3,568/3,754) and high-risk groups (92.3% = 3,391/3,674), compared with a lower proportion for the intermediate-risk group (39.4% = 3,535/8,975) and a much lower proportion for the low-risk group (2.5% = 620/24,816).

A total of 8,962 participants underwent AUS. Table [2](#tbl2){ref-type="table"} shows the overall attendance rate, 80.6%. The attendance rates increased from the low-risk group (68.7%) to the extremely high-risk group (83.8%).

###### 

Distribution of Invited and Screened Populations by Age Group and Risk Group

  Age Groups   Invitation   Subjects (Attendance Rate)                                                                                                
  ------------ ------------ ---------------------------- ------- ----- -------- ------- ------- ------- ------- ------- ------- ----- ------- ------- -------
  45-49        507          855                          181     88    1,631    416     82.1%   670     78.4%   137     75.7%   67    76.1%   1,290   79.1%
  50-54        636          986                          273     176   2,071    542     85.2%   816     82.8%   215     78.8%   129   73.3%   1,702   82.2%
  55-59        669          946                          664     254   2,533    566     84.6%   765     80.9%   527     79.4%   169   66.5%   2,027   80.0%
  60-64        619          482                          935     37    2,073    515     83.2%   389     80.7%   745     79.7%   28    75.7%   1,677   80.9%
  65-69        1,137        122                          1,482   65    2,806    950     83.6%   90      73.8%   1,193   80.5%   33    50.8%   2,266   80.8%
  Total        3,568        3,391                        3,535   620   11,114   2,989   83.8%   2,730   80.5%   2,817   79.7%   426   68.7%   8,962   80.6%

Findings From Screening
-----------------------

Table [3](#tbl3){ref-type="table"} shows the results of the ultrasonography findings among those residents attending the outreach-scheduled screening program. A total of 16 confirmed HCC cases were identified with this community-based ultrasonography screening. The detection rate (per 1,000) was 5.0 for the extremely high-risk group, 0 for the high-risk group, and 0.3 for the combined intermediate- and low-risk groups. Similar findings were noted for the detection of liver nodules, liver hemangiomas, and liver parenchymal disease. Liver cirrhosis was prevalent in the extremely high-risk group, as indicated by the 35.1 (per 1,000) detection rate; the detection rate was similar for the high-risk and combined intermediate and low-risk groups. Note that the screening findings for other liver-related lesions shown in Table [3](#tbl3){ref-type="table"} are not exclusive, which indicates that some non-HCC nodule cases out of 136 may have been indicative of hemangioma and additional nodules.

###### 

Results of Ultrasonography and Detection Rates by Different Outcomes

  Ultrasonography Findings and Confirmatory Diagnosis   Group A                                                  
  ----------------------------------------------------- --------- ------- ------- ------- ------- ------ ------- -------
  Total screened                                        2,989             2,730           3,243          8,962   
  Confirmatory HCC                                      15        5.0     0       0.0     1       0.3    16      1.8
  Liver cirrhosis                                       105       35.1    10      3.7     13      4.0    128     14.3
  Liver nodule                                          60        20.1    37      13.6    39      12.0   136     15.2
  Liver hemangioma                                      81        27.1    60      22.0    56      17.3   197     22.0
  Liver parenchymal disease                             887       296.8   607     222.3   260     80.2   1,754   195.7

Two cases with HCC had died. DR: detection rate per 1,000 cases; HCC: hepatocellular carcinoma; E-H: extremely high-risk group; H: high-risk group.

Efficacy of AUS
---------------

Figure [4](#fig04){ref-type="fig"}A shows three curves for the cumulative HCC mortality (per 100,000) in the invited AUS, uninvited AUS, and historical control groups (the subjects before the CHCIS program). The HCC cumulative mortality rate (per 100,000) in the invited AUS group was 17.26, which was lower than the two corresponding figures in the absence of abdominal ultrasound screening, including 47.51 for the historical control group (subjects before the CHCIS screening) and 42.87 for the uninvited AUS group in the corresponding period. After adjusting for age and gender, the relative mortality rate was 0.63 (95% CI: 0.52-0.77) for the invited AUS group versus the historical control group (the subjects before the CHCIS program) and 0.69 (95% CI: 0.56-0.84) for the invited AUS group versus the uninvited AUS group. The number needed to screen to avoid one HCC death was 12,886 and 9,763 when comparing the invited AUS group with the uninvited AUS and historical control groups, respectively.

![Cumulative mortality comparisons of the invited AUS group, the uninvited AUS group, and the historical control group (before the CHCIS program) in Changhua County.](hep0059-1840-f4){#fig04}

Of those individuals in the invited AUS group, the HCC risk was considerably higher in nonattendees (non-AUS group) than in attendees (AUS-group), 148 versus 26.45, yielding a relative mortality rate of 0.18 (*P* \< 0.05), as shown in [Fig. 4](#fig04){ref-type="fig"}B. The reason for producing such a striking result is that only two out of 16 HCC cases died from HCC.

Discussion
==========

This study demonstrated a 31% reduction in HCC mortality with the provision of AUS in a population based screening program in Changhua County, an area with high HCC incidence and mortality, between 2008 and 2010. Among 16 screen-detected HCC cases, only two died from HCC. Such a favorable survival has not been previously observed. This finding has profound implications. Although a nationwide vaccination program has been implemented in areas with a high prevalence of HBsAg and anti-HCV positivity, such as Taiwan, the risk for HCC remains high for people 40 years or older who have not been protected by hepatitis B vaccination. Additional medical resources are needed to control HBV and HCV in subjects aged 40 years or older in Taiwan, particularly in high-risk areas such as Changhua County. The provision of AUS to detect HCC at an early disease stage (before the cancer presents) in subjects with a high potential for developing HCC is highly recommended. Mass screening for HCC with ultrasonography can also confer other benefits for the early detection of HCC in the absence of hepatitis B and C virus infection, as supported by recent studies of the association between type 2 diabetes or metabolic syndrome-related disease and HCC.[@b6]

However, the implementation of mass screening for HCC using AUS poses a practical challenge. The unique characteristic of this community-based screening for HCC was that eligible residents were incrementally invited using a risk score-guided approach. Patients with higher risk scores had higher priority for screening eligibility. As a result, a high rate of early HCC was efficiently detected. In our study, the detection rates for HCC were 5.0 per 1,000 for the extremely high-risk group and 0.3 per 1,000 for the combined intermediate- and low-risk groups. In addition to high yields in the high-risk individuals who were positive for HBsAg or anti-HCV antibodies, one cannot ignore the importance of the possibility of detecting HCC in the combined intermediate- and low-risk group, although a small number of cases were predicted. Additionally, the incidence of liver cirrhosis detection, an early indicator of HCC, in the combined intermediate- and low-risk group provides another rationale for performing AUS.

The elevated coverage rate of the high-risk group (95%, 3,568 out of 3,754) in the early phase may account for our effectiveness in reducing mortality by AUS. This finding was close to the corresponding 40% mortality reduction found using a two-stage screening program conducted in a high-risk HCC area after adjusting for other risk factors in a previous study.[@b4] Nonetheless, our results were lower than the 56% reduction in mortality after 3 years of follow-up found in the surveillance study reported by Yu et al.,[@b10] who compared those individuals receiving routine ultrasonography screening (surveillance group) with a nonsurveillance group (opportunistic group or symptomatic group) using a case-control study with medical chart review to retrieve clinically relevant parameters. The fact that the study by Yu et al.[@b10] was a hospital-based case-control study with a self-selection bias may account for the higher benefit of AUS in their study.

As previously mentioned, our results underscore the necessity of screening healthcare to subjects who are negative for HBV and HCV and are vulnerable to HCC. For example, a low platelet count and diabetes are associated with a higher risk for HCC.[@b7] In addition, metabolic syndrome, a common chronic condition, has been shown to be associated with nonalcoholic fatty liver disease (NAFLD) or alcoholic steatohepatitis (NASH),[@b11] which leads to an elevated risk for liver cirrhosis.[@b12]

There are some limitations and concerns for our study. First, we evaluated the efficacy of AUS mass screenings based on a short follow-up period. There may have been length bias for early detection because screen-detected HCCs are usually small, as observed in our study, and excellent survival would be expected. However, HCC is a rapidly progressing disease, and treatment for early detected cases is essential, and concern about length bias would not be as serious in HCC screening as in other cancer screening programs. Nevertheless, longer follow-up is required to further corroborate our reported effectiveness for mortality reduction. Second, our screening program was an outreach service program, which might compensate for an uneven geographic distribution of gastroenterological specialist services. The attendance rates for ultrasonography screening were increased from less than 50% to 80.6% in our study. However, quality concerns have been raised. Quality was ensured with respect to the structure, process, and outcome of the study. With regard to the study structure, our program provided lists of invitations under the control of the local Health Bureau to ensure that the eligible population was covered. We also recruited board-certificated gastroenterologists to conduct the abdominal ultrasonographies. With respect to the process, a clinical committee organized by the local Health Bureau of Changhua County was convened monthly to review the medical charts of the positive cases from AUS. A central database containing information on the eligible CHCIS population screening invitations, ultrasonography screening, and clinical confirmations was built to assure the availability of essential information. Third, because our study was not a randomized controlled trial, whether the baseline characteristics between the two comparison groups were similar when the comparison of the effectiveness of reducing mortality from HCC was performed is a concern. However, this concern is reduced by the study design and expedient analysis. With respect to the study design, the baseline characteristics were not expected to be dissimilar between the AUS and non-AUS groups because the invitation was based on the classification of risk score in both groups. For the comparison between the invited AUS group (the AUS group and the non-AUS group combined) and the uninvited AUS group, because the CHCIS program targets adult residents in Changhua and provides screening services for multiple neoplasms and chronic diseases, we believe that the invited and uninvited AUS groups were not different in terms of the baseline risk for HCC. With respect to the analysis, to make a fair comparison and avoid selection bias, we combined the AUS and non-AUS groups (defined as the invited AUS group) because both groups had been invited to receive an AUS. We compared the effectiveness of the invited AUS group with that of the uninvited AUS group and the historical control group. Such a comparison is similar but not exactly identical to the intention-to-treat principle used in the analysis of the data from the randomized controlled trial. As similar results were noted regardless of the comparator using the uninvited group or the historical control, we believe a concern over selection bias would be minor.

In conclusion, our study demonstrated a 31% reduction in HCC mortality by comparing those individuals invited to a community-based AUS screening with an uninvited group using a risk score-guided invitation scheme in Changhua County during 2 years of follow-up since 2008. This finding suggests the feasibility of mass screening for HCC with AUS that targets subjects not covered by the nationwide vaccination program against hepatitis B virus infection.
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:   Changhua Community-based Integrated Screening program

DM

:   diabetes mellitus

HBsAg

:   hepatitis B surface antigen

HBV

:   hepatitis B virus

HCC

:   hepatocellular carcinoma

HCV

:   hepatitis C virus

KCIS program

:   Keelung Community-based Integrated Screening program

NAFLD

:   nonalcoholic fatty liver disease

NASH

:   alcoholic steatohepatitis
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